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(54) Method of cleaning vulcanizing mold 

(57) A method of cleaning a vulcanizing mold (10) 
including the steps of providing, independently from a 
vacuum processing bath (1), a furnace (18) for generat- 
ing a plasma flow mainly containing neutral active spe- 
cies t>y a microwave discharge applied for a reactive 
gas; introducing the plasma flow in the processing bath 

FIG.1 



(1) and jetting It to the entire residue adhering surface of 
the mold (10) positioned in the processing bath; and 
ashing residues by the jetted plasma gas. With this 
method, uniform ashing can be performed for residues 
adhering on the surface of a vulcanizing moid, without 
any adverse effect exerted on the moid. 
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^ ^i^anirtr, 9 iniicanizina mold used for vulcanizing molding of rifcber 
■me present invention relates to a method ^^^^^^ products, which is advantageous to 

products such as a rubber tire and -brationi^roof r^^^^^ ^ers^eM tt^e mating surface for a split 
femove elastomer residues irj^^^^^^ 

mold) and in recesses and holes of the mold ^®P®™ efficiently processing elastomer residues, without 

izing molding by many times. The same is true for other elastome^ appearance of a tire but 

The thick residues strongiy adhering and growing on a vulcan.2jg ™" ^^^wn att« be^ repeatedly used for 
« also exert adve.se effect on the «cellent ^"alrty of ttie a ^^^ J^^^^^^^"" ^^^^ to 
vulcanizing molding by a specH ed number, ^^'^^"^^^^'^^^^.o^^^^^^^ method of blowing grains such as 
that of a new mold. As a cleaning method, there have '^ef d cleaning method of dipping the mold in an 

plastic beads or glass beads with the aiddahighpre^gas^^^^^ 

Scid. alkali or amine based solution. Th^e <=f a vuteanizing mold by plasma 

30 improve these disadvantages, the present appl^art hSV^. This method has exhibited excellent 

in the above-described document. Japanese Patent Laid-open wo. nei o-«»o«. 

'"'^oweverafterfurtherexan.nation of such eHeclsof the above plasmad^^^^^ 

foundTXt^Ts st^ room for improvement in ter^ 

35 The f irst disadvantageous point is as follows ^'"^^f P^'^^rrC^^ ^ts and the like in a tread por- 
fbrmation surface of a vulcanizing mow in order to form ^^^^ 
tion for satisfying requirements lor a general tre «clud.ng a sp^ 

ttow during plasma deaning. tenc«ng »° •^"'T^^J^^^^ In ashing in Japanese Patent 

damages the mold. aeenciated with the third point, is that the temperature control for a vul- 

area, and thereby such a surface portion is possibly deteriorated or damaged. 
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SUMMARY OF THE INVENTION 

Accordingty. an object of the present invention is to inprove all off the above-described disadvantageous points, and 
to provide a method of cleaning a vulcanizing mold vy^ich is capable off efficiently and uniformly ashing a residue por- 
5 tion. without a limitation in shape and size of a mold formation surface of the moM, and without exerting any adverse 
effect on the mold. 

To achieve the above object, according to a preferred mode of the present invention, there is provided a method of 
cleaning a vulcanizing mold including the steps of: 

10 positioning a vulcanizing mold in a vacuum processing bath; 

applying a plasma of a low pressure reactive gas to an elastomer residue formed on the inner surface of the mold 

resulting from repeated vulcanizing molding of elastomers: and 

ashing and removing the residue. 

the improvement including the steps of: 
15 providing a plasma generating furnace for supplying a plasma flow into the vacuum processing bath, and a miao- 

wave generating apparatus for converting a reactive gas flowing in the plasma generating ffumace into a plasma 

flow mainly containing neutral active species by a miaowave discharge; 

Introducing the plasma flow having mainly containing neutral active species which Is generated in the plasma gen- 
erating furnace, into the vacuum processing bath by way of a conduit tube; 
20 uniformly jetting the introduced plasma flow to the entire residue adhering peripheral surface of the vulcanizing 
mold, and (as required) at the same time uniformly heating and keeping the entire residue adhering peripheral sur- 
face at a specified high temperature; and 

ashing the elastomer residue by the neutral active species contained in the jetted plasma flow. 

25 The ashing processing is preferably carried out in a state that the vulcanizing mold placed in the vacuum process- 
ing bath is heated and kept at a temperature in a range of from 100 to ISC'C. 

Preferably, a heating source is provided on the residue adhering surface side of the vulcanizing mold; the temper- 
ature of the residue adhering surfece heated due to a radiant heat supplied from the heating source is detected, and a 
quantity of the radiant heat supplied from the heating source is controlled on the basis of the detected temperature. 

30 The reactive gas is preferably either a single oxygen gas or a mixed gas of an oxygen gas as a main component 
and a halogenated gas. 

Wt&i respect to the reactive gas, any of O, O2 and O3 can be used as the oxygen gas; and various gases containing 
F (fluorine), CI (chlorine), Br (bromine) and I (iodine) can be used as the halogenated gas. The halogenated gas is not 
necessarily in a gas state but may be in a liquid state in a standard condition (as^'C, 1 atm) because it may be supplied 

35 as a gas state to a vacuum processing bath. Concretely, freon, NF3 and SFe are effective and CF4 (tetrafluorocarbon) 
is more effective as the halogenated gas used in the present invention. 

According to the present invention, a plasma generating furnace is provided independently from a vacuum process- 
ing bath, and a plasma flow of a reactive gas generated in tiie furnace is introduced into the processing batti and is uni- 
formly jetted on the entire residue adhering surface of a vulcanizing mold, so that the ashing for residues due to neutral 

40 active species (radicals) in plasma can be performed without exposure of the mold to a discharge area. This makes it 
possible to exclude all of the adverse effects of discharge on the mold. Namely, since an uneven plasma area is not 
formed, uneven ashing due to the uneven plasma area can be eliminated. The method of the present invention also 
makes It possible to perfectly avoid inconveniences such as deterioration In the accuracy of tine mold due to abnormally 
increased temperature of the mold, and deterioration in tiie material and damage throughout the entire surface of ttie 

45 mold. 

The elimination of the adverse effects of the abnormal discharge on the mold also enables generation of a desirable 
high density plasma to such an extent as to increase tiie density of neutral active species in plasma for ashing an elas- 
tomer residue up to a value enough to make up for a loss generated during the plasma is supplied from the plasma gen- 
erating furnace to the residue adhering surface. Uniform and efficient ashing can be thus performed by uniformly Jetting 

50 the neutral active species at a high density to tiie entire residue adhering surface. 

An ashing reaction rate can be increased, according to the present invention, by heating and keeping a vulcanizing 
mold in tiie processing bath at a tenperature in a range of from 100 to 180 °C, resulting in the increased ashing 
processing efficiency. In addition, tiie use of a reactive gas composed of a single oxygen gas or a mixed gas of an oxy- 
gen gas as a main component and a halogenated gas contributes to furtiier improvement in ashing processing efffi- 

55 ciency. 

The reaction rate of the ashing using neutral active species can be also significantiy enhanced by uniformly heating 
and keeping tiie entire residue adhering surface of a vulcanizing mold at a high temperature, as a result of which the 
processing efficiency can be significantiy enhanced. In tiiis case, since the outer surface of tiie mold is low in tenrpera- 
ture. a tenrperature gradient is generated between tiie inner surface (residue adhering surfece) and tiie outer surface 
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start of ashing to water washing can be carried out at a ►"f "^xed aas of an oxygen gas as a main component 

O3) radicals are particularly effective for ashing for elastomer resriues. 

pqiFF DESCP iPTinM OF THE DRAWING? 

Thepresent invention wi« be more parlicu^ly described with reference to 

Fig 4 is a plan view of one example of shower pipe shomi m Fig. 3; 
Fig. 5 is a partial side view of the shower pipe shown in Fig. 4; 
Rg 6 is a pten view of another example of shower pipe shown in Rg. 3. and 
Rg. 7 is a perspective view of the shower pipe shown in Fig. 6. 

npTAii ngSCn iPT'""^ PRFFFRRFP FMBQDIMENI 

Hereinafter, one memod of the present invention -;|,^/^^;j«i:^„;^^^ 

S ;iSe?Fr/isape^L.e.ewo,apJ^^^^^ 

Referring to Rg. 1 . the vacuum processing balh ^'^^l^'f '"'^'SLSd "me vessel upper portion 2-1 is 
lower portion 2-2 which are vertically separable f 2-2 includes a suction portion 3 

vertically removably mounted on the vessel lower portion 2-2J^e^' jj^*^"^ ^ cleaning ^ vulcanizing 

connect^ to a vacuum pump (not ^^y^^'J^^^^^ZZ^^^ 
™,d 10. to exhaust an air in the vessel 2 .n the d. ^^^^^^^ 

^:rin:=^;rin^"r:s= 

in Fig. 1). Awheel conveyorSholds the mold 1° °" « '^^ is disposed in such a man- 

?he Shower p^e 1 5 for a plasma flow, "/^^^^^^ pipe 1 5 is formed 

ner as to iace to the inner peripheral surface of the ^'f *7 J^J.*^^^ introducing member 16-1 pro- 

in a cylinder having a space 8,5 of the c^inder portion of the 

vided on the lower end of the condurt tube 16 is conn^ed ^ themne^per^ph^^^^^^^ ^ ^.^ ^ ^ 

shower pipe 15 is preferably made of quartz or alumina generating fur- 

THe upper end portion of the conduit tube 16 '^""^^^AJ^'/s^X to 30 GHz. preferat^y, 1 GHz to 
nace 18 by way of a connector 17. A microwave power hamj !,?Z3ating ^mace 18. A reactive gas flowing in 
1 0 GHz « supplied from a microwave power source ^V^J^^^^J^Ze^ power. At this time, the fre- 
the direction of an arrow B is convert«l into a ^^"^^^^^^rZiJ^ such that the density of 

quency. the suppBed power value, and J^^'^^Jf .g^,^^^^^^^ or a mixed gas of an oxygen gas as a 

neutral active species becomes a gpeohed arifusS as a Reactive gas. to obtain oxygen (O. O^, O3) 

^n component and a ►'^JS^^^; Cf'^S'vSiX is shown in Rg. 1, a plu- 

each supplied to the furnaces 18. 
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A plasma flew generated in the plasma generating furnace 18 is introduced to the ^ce 5 of the shower pipe 15 
through the pipe 19. the connector 17. the conduit tube 16, and the introducing member 16*1. The plasma flow thus 
introduced in the space 8^5 is uniformly jetted through a plurality of the jetting holes 15h to the entire inner peripheral 
surface of the mold 1 0 in the direction of an an-cw R The reason why the plasma flow is uniformly jetted is that the vac- 
5 uum pump is operated during a series of operations to continuously exhaust the gas in the vacuum processing bath 1 
from the suction unit 3 for usually keeping the vacuum in the processing bath 1 at a constant value in the range of from 
0.01 to 10 Torr. 

In Rg. 1 , reference numeral 12 indicates a temperature adjusting jacket as a heating source for heating the mold 
10. A heating medium such as a high temperature gas or steam is supplied into an inner space S12 of the jacket 12 for 

10 heating the mold 10 at a specified temperature in a range of from 100 to 180''C. The plasma ashing processing in the 
state that such a high temperature is kept allows the processing time to be significantly shortened. It is to be noted that 
while being not shown, the mold 10 includes a temperature measuring sensor, and a temperature and/or flow rate of 
the heating medium and also a tenperature of the mold 1 0 are controlled on the basis of the measured result by a con- 
troller (not shown) provided outside the processing bath 1 . 

15 The mold 1 0 is shown in the form of one body, however, in this emtxxJiment, a plurality (for example, 3 to 20 pieces) 
of segments of the outer peripheral side of a so-called split mold are temporarily assembled in the same state as in the 
practical use on the u^er surface of a metal made (for example, steel made) carrying level block 1 1 . 

In addition, a portion of the mokl 10 lor forming a tread, various grooves and slits in a tread portion of a tire is gen- 
erally made of an aluminum alloy In practical molding, such an alloy portion is mounted on a steel made holding mem- 

20 ber. which is taken as the above segment and in the present invention, only the alloy portion and the segment 
composed of the alloy portion mounted on the holding member are both referred to as the mold 10. 

In the case where the mold 10 is of a split mold type, a pair of side molds are assembled on the upper and lower 
sides of the segment mold shown in Fig. 1 , to form a mold main body. The plasma cleaning can be carried out for such 
a mold main body taken as the mold 10. The present invention, however, can be also applied to a so-called two-divided 

25 mold having a division line on the circumference and to one of a plurality of segment molds. In the case of one segment 
mold, a residue adhering surface positioned upward is subjected to plasma cleaning using a shower tube 15' having a 
curved surface being substantially matched to the main curved surface of the residue adhering surface and provided 
with a plurality of jetting holes 1 5'h directing to the residue adhering surface. 

White being not shown, the level block 1 1 includes a mechanism for mounting a group of segments or a single moid 

30 at a specified position, which Is used for temporarily assembling a plurality of segments, or mounting a split mold main 
body or a two-divided mold. The level block 1 1 also includes a mechanism for aligning the mold 10 composed of a group 
of segments or a single mold to the conduit tube 1 6. The aligning mechanism is aligned to and engaged with an aligning ^ 
device provided on the wheel conveyor 5 for supporting the mold 1 0 and the level block 11. 

The mold 10 is introduced into the processing bath 1 as follows. Namely, the vessel upper portion 2-1 is moved 

35 upward, and then the mold 10 previously temporarily assembled or mounted on the level block 1 1 outside the process- 
ing bath 1 is earned together with the level block 1 1 to a position shown in Rg. 1 by a wheel conveyor (not shown) similar 
to the wheel conveyor 5. At the same time, the mold 10 is aligned, that is. it is placed in such a manner that a center 
axis of the inner peripheral surface of the mok:l 10 is exactly aligned to a center axis Z of the shower tube 15. The 
deviation in alignment between the center axes and Z is preferably 3 cm or less, more preferably. 5 mm or less. 

40 In the above-described method of the present invention, neutral active species in a plasma flow are uniformly jetted 
to elastomer residues adhering on the surface of the mold by repeated vulcanizing molding of elastomers, without expo- 
sure of the mold to a discharge area This method, therefore, makes it possible to effectively and uniformly perform the 
ashing for residues for a short processing time, without damage of the mold, and without a limitation in size and shape 
of the nwld formation surface of the mold. 

45 Another method of the present invention will be described with reference Figs. 3 to 5. In these figures, parts corre- 
sponding to those shown in Figs. 1 and 2 are indicated by the same characters and the explanation thereof is omitted. 

As shown in Figs. 3 to 5, a shower tube 14 for plasma flow is disposed at a position facing to the inner peripheral 
surface of a vulcanizing mold 10 through a conduit tube 16 and a disk-like plasma flow introducing member 16-1 . The 
shower tube 14 has a plurality of recesses extending in the center axis Z on the cylindrical shaped outer peripheral sur- 

50 face. The shower tube 14 is formed in a cylindrical shape having a space $^4 inside the peripheral surface. The disk- 
like plasma flow introducing member 16-1 provided on the lower end of the conduit tube 16 is connected to the inner 
peripheral surface of the cylindrical portion of the shower tube 14. An inner space S^g.^ of the introducing member 16- 
1 is connected to the space S14 of the shower tube 14. In addition, the cross-section of the shower tube taken on line 
1-1 of Fig. 4 corresponds to that shown in Fig. 3. 

55 As shown in Figs. 4 and 5. heating sources, for example, infrared lamps 25 are disposed in a plurality of the 
recesses of the shower tube 14. and preferably, mirrors 25m reflecting infrared rays are disposed inside the lamps 25. 
A quantity of radiant heat generated by operation (turning on) of the lanp 25 per unit time can be controlled in associ- 
ation with the temperature of the inner peripheral surfece of the mold 10 at a controller (not shown) disposed outside 
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chrMinA ff» aimlvina data to such a temperature control is 
the processing tjath 1 . A temperature detectng means (not shown) tor supplying oaa 

provided on the inner peripheral surface of the mold 10. ^-..k are arranaed in a column (along the center 

A plurainy of jetting holes 14h P-i"« j ^^^^^^ lam^s S. Tl^e ietSng 

axis ZO. are provided on the outer perrpheml SKJe rfthe^^ 

rnteits^rrSoT^^.^^^^^^^ 

^-:?a^?Cen«ate.in^ep,asn. 

r.c;te:p\:^=s^^^ 

arrow P through a pluralrty of the jetting "^J^^ tt,e gas in the vacuum processing bath 1 

Theplasmaash»>9ptocessinginsu*.sMe«ithe f^TTf^^^ ™.sunr9 smsoc S prevMed ». Ih. 

and infrared lamps and Rg. 7 ,s a ^^^"^^"^^^^^r^^^ tube 24 is formed in a cylindrical shape 
figures) of shower tubes 24 vertically surround a conduit lube J®;^^™ ^e-l extending from the lower 

having lids at both the ends. The shower ti4>e24«conneded^^^^^^^ 

endjSrtionofthecondurttJeieardopen^^^ 
24hon1he8idefacingtothemdd10jnfiared a^^^ 

raTi"orc=« 

*^^re"J^^iiSn3fpr^^^^^ 

on elastomer residues adhering on Ihe^rface o^ the ™W ^^^f^^^J^^ ^J^ by radiant heat This 

The present invention will be more fully understood with relerencetothe following ex^^^ 

placed in a vacuum pcocesanj balli 1 . w»«s " "rij, ^ .a^-J, a ouaitz mads »ollo« cylindet havmj an out 
L««att*.inaide<««epn«s*,bani^»»^i^«2^ 

formed. In other words, the mokf ^f^^^";"^^ 

minutes. The mold 1 0at the end d processing was measured. ntern« of a^^^ lOwasalsoevalu- 
iaHon in temperature) between the -^"l"-" and cleaning degree. The 

ss^r^^srsrrerx^^^ 
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abnormal discharge. The cleaning degree was classified in five grades by visual evaluation. It is to be noted that the 
observation for checking the cleaning degree is performed after removal of an ash content (an inorganic metal salt 
being little adhesive on a metal, such as 2^804) from the processing surface by water washing after ashing. 

The above abnormal discharge means a very bright spark discharge which is instantaneously generated during 

5 plasma discharge. Such abnormal discharge is possibly generated once or repeatedly by several times. In each case, 
the abnormal discharge is naturally returned to the usual plasma discharge, and it does not exert an effect on ashing of 
the mo\6 10 so mush. However, the checking of the molds shows that a pinhole and/or a square hollow (several mm x 
several mm) are sometimes formed in part of the mold after processing. Such a state of the nf>okl 1 is also shown in 
Table 1 as a damage of the mold. It is to be noted that if a large damage is generated, the damaged surface must be 

10 repaired, which takes a lot of exc^sive processes. 

Comparative Example 1 was made to verify the effect of Example 1 . Ashing processing in Comparative Example 1 
was made in the same manner as that described in the above-desaibed documents by the present applicant. Japanese 
Patent Application Nos. Hei 7-19072. Hei 7-29158. and Hei 7-52480. Specifically, ashing processing In Comparative 
Example 1 was made in the same conditions as those in Example 1 , except that an electrode composed of a cylindrical 

IS plate having a plurality of vertical fins was disposed in a mold 1 0 (ground side) as the other electrode at the center posi- 
tion (corresponding to that of the shower tube 15 in Example 1) and a plasma was generated by applying a power (6 
kW) having a high frequency of 13. 56 MHz between both the electrodes. The evaluated items and judgement methods 
in Comparative Example 1 were the same as those in Example 1 . The processing was repeated by ten times in each 
of Example 1 and Comparative Example 1 , and the measurement and evaluation were made for each processing. The 

20 results are shown in Table 1 . 

As is apparent from Table 1 , the average temperature is higher and further a variation in temperature is significantly 
larger in Comparative Exanrple 1, as compared with Example 1. This shows non-uniformity in plasma density distribu- 
tion, that is. non-uniformity in ashing processing (see Processing Nos. 5. 7 and 10). Moreover, in Comparative Example 
1. abnormal discharge is generated (see Processing Nos. 1. 5 and 6); and damage of the mold is generated (see 

25 Processing Nos. 1 and 6). 

On the contrary, in Example 1 . as is apparent from the fact that any abnormal discharge is not generated and fur- 
ther any damage of the mold 10 is not generated, the average temperature is in the range of about 80 ^'C; the variation 
in tenperature is in a very narrow range negligible for practical use; the average ashing performance is sut)stantially 
satisfactory (the ashing performance in Grade 4 is expected to be enhanced up to Grade 5 by extending the processing 

30 time somewhat); and the uniformity in ashing is excellent 
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Table 1 
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Example 2 

,nthisexarnple.amo«10havingthesaa,esizeasthatinEx^ 

S1 2 Of a iacket 1 2 as Shown in Figs. 1,2. and the te^er^re ^"^^ J^^^^^ ^^2 ^fere rigidTsealed and the 
ISCC. A shower tube 15 being the same as that in Example used J.3 After that a 

taining oxygen radicals, "me output °' '^'^?^^X?E«mde^ '/^hing processing in Comparative Example 2 
Cooparative Example 2 was made to °* 'STat L hS?ng d the n?,ld 10 by the jacket 12 was 

expressed in Table 2. 
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As is apparent from Table 2. as compared with Comparative Example 2, the ashing performance and cleaning 
degree In Example 2 are excellent for the same processing time. This shows that each of the ashing perfornrance and 
cleaning degree In Example 2 reaches the acceptance level, that is, Grade 4 or more for a short processing time such 
as about one hour. 

Table 2 



Mold Temperature 
CO 


Processing 
Time (min.) 


Ashing 
Performance 


Cleaning 
Degree 


80 (Comparative 


60 
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cxarT4jie d) 
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4 
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Example 2) 
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Example 3 

In this example, ashing processing was made in the same manner as in Example 2, except that a reactive gas oom- 
30 posed of a mixed gas of O2 gas and CF4 gas was supplied in a plasma generating furnace 18 at specified flow rates 
(1000 SCCIV) for O2 gas, and 500 SCCM for CF4 gas); and the material of a shower tube 15 was changed from quartz 
to alumina for preventing the attack of decomposed halogen gas from CF4 gas. Comparative Example 3 for verifying 
the effect of Example 3 was the same as Comparative Example 2. Hie results are shown in Table 3. 

As is apparent from Table 3, Example 3 exhibits the same effect as that in Example 2. Namely, the ashing perform- 
35 ance in Example 3 reaches the acceptance level, that is. Grade 4. Example 3 is different from Example 2 only in that 
the ashing performance is slightly enhanced by the effect of using CF4 gas. 



Table 3 
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Example 4 

A™.d10(—ins«e diameter: 550 m^h^nge^^^^^ 

1 1 as shown in Figs 3 to 5. The mold 1 « ^^^^-^"^ °" So^i to eSe the inside of the processing 

1 . vessels 2-1 and 2-2 were rigidly sealed, and a vacuum P"'^*^?„*^^ o< 400 mm was used as 

ba«i 1 to a vacuum of 2x10-3 Torr. A ^^^fj^,^^^^ of 1000 SCCM. A microwave 

a shower tube 14. A reactive gas compos^ of S^^'^.^^^^^ is connected in parallel through a con- 

having a frequer«y of 2.45 GHz was ap,^.«i to four ptesmagene^^^^ 

nector 17. to generate a plasma flow mainly contaning oxygen ra*^^^ ^^^^ ^ 

eral surface (rescue ^dt^-n^ri^^of't^^^^^^^ 

temperature of the inner peripheral surface of the mold 10 was J 

of the microwave was 1 .5 kW x 4, and the proc^ang '"^I'^^J^^^^^' processing in each of Corn- 
Comparative Examples 4A and 4B were made to venfy the ^^rf^^^ 

parative^^es 4A and 4B was made in the same oondrtions tltose E^mp'^*; i„ 
Sode (outside diameter: 480 mm. height: 220 mm) having "^^^/fj^^^^^^ °equen% of 13.56 MHz to the elec- 
the mild 10; a plasma was generated by ^PPl^^"" fP'^lj^'SS^ A difference between 

trode and the mold 10; and the ashing f«f ^""^J cor^etion of processing, 

comparative Examples 4A and 4B lies in ^''^^^J^ " JJ,^ te-SlT^ on^^^ P^'P*'^^ 

The molds 10 in these examples were measured in ^1"^^^^^°^ performance and cleaning 
faces directly after completion of P:!^'"^' ^^l^^^^J^^^^^ 

results are shown in Table 4. 



25 



Table 4 



30 




Generation 1 
Method of 
Plasma 


Temperature at the End 

ec) 


Ashing 
Perform- 
ance 


Cooling 
Time 
(min.) 


Temperature 
on Outer 

Peripheral 
Surface 

upon Clean- 
ing {°C) 


Cleaning 
Degree 


3S 






Inner 
Peripheral 
Surface 


Outer 
Peripheral 
Surface 












Comparative 
Example 4A 


Direct Type 


180 


180 


5 


0 


170 


1 


40 


Comparative 
Example 4B 


Direct Type 


180 


180 


5 


90 


50 


5 




Inventive 
Example 4 


Indirect Type 


160 


50 


5 


0 


50 


5 



45 



50 



55 



Asisa^entfrom^e.^.^^^^^^^^^^ 

stain-like zinc compound is fonned on surface of a tire product, to harm 

moldng using such a mold 10. the .rregular*es d of the product. On the contrary, only 

the appearance of the product ^^'^,':^'^"^'T^^l^ZTl Z^i L temperature rise of the entire 
the inner periphery moWing surface of the ™f J° '^^^^'^^^^^^ rise^ the outer surface of the 

;:^idXS^outiywaHingtimefrom completion of ashingtodeaning. 



10 



EP0 740 989A2 

Examples 5A and 5B were made in the same conditions as those in Example 4. except that four kinds of processing 
time were selected. The mold 10 in each example was measured in terms of temperatures on the inner and outer 
5 peripheral surface of the mold 1 0 at the end of processing, and evaluated in terms of ashing performance, and cleaning 
degree in the case where cleaning was performed directly after completion of ashing. Comparative Example 5 was 
made in the same conditions as those in Examples 5A and 5B, except that lamps 25 were turned off. The dasstf ication 
of ashing and cleaning degree was the same as in Example 1 . The results are shown in Table 5. 
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Table 5 







Inner Peripheral 
Surface of Mold (**C) 


Outer Peripheral 
SurfoceofMold (^'C) 


Processing 
Time (min.) 


Ashing 
Performance 


Cleaning 
Degree 


15 


Comparative Example 5 


45 


45 


30 


2 


1 






80 


80 


60 


3 


2 






80 


80 


120 


4 


2 


20 




80 


80 


180 


4 


2 


Inventive Example 5A 


100- 


30 


30 


3 


2 






100 


30 


60 


4 


4 






100 


30 


120 


4 


4 


25 




100 


30 


180 


5 


4 




Inventive Example 5B 


200 


50 


30 


4 


3 






200 


50 


60 


5 


4 






200 


50 


120 


5 


5 


30 




200 


50 


180 


5 


5 



As is apparent from Table 5. the cleaning degree does not reach the acceptable level, that is. Grade 4 in Compar- 
35 ative Example 5 in which the infrared lamps 25 are turned off during processing. On the contrary, each of the ashing 
performance and cleaning degree in Examples 5A and 5B reaches the acceptance level for a processing time of 60 
minutes. The use of radiant heat of the infrared lamps 25 in Examples 5A and 5B also allows the temperature rise of 
the entire mold 10 to be suppressed at such a level as not to exert any adverse effect on the mold 10. In addition, the 
mold 10 in Examples 5A and 5B can be subjected to cleaning without any waiting time after ashing, like Example 4. 

40 

Example 6 

This example is divided Into Examples 6 A and 6B, like Example 5. In these examples, ashing processing by plasma 
was made In the same conditions as those in Examples 4, 5A and 5B, except that shower tubes 24 each having jetting 

45 holes 24h as shown in Figs. 6 and 7 were used; a reactive gas composed of a mixed gas of O2 gas and CF4 gas was 
supplied at specified flow rates (1000 SCCM for O2 gas. and 500 SCCM for CF4 gas) in a plasma generating furnace 
18. and a plasma gas flow was generated by a microwave discharge in the furnace 18 and jetted through the jetting 
holes 24h: and the material of the shower tube 24 was changed from quartz to alumina for preventing the attack of 
decomposed halogen gas from the CF4 gas. Comparative Example 6 was made in the same conditions as those in 

^ Examples 6A and 6B. except that infrared lamps 25 were turned off. The molds 10 in these examples were measured 
and evaluated in the same manner as in Example 5. The results are shown in Table 6. 
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Table 6 



10 



IS 



20 





Inner Peripheral 
Surface of Mold f*C) 


vjuier rciijjiicai 
Surface of Mold (°C) 


Processing 
Time (min.) 


Ashing 
Performance 


Cleaning 
Degree 


Comparativd Example 6 


45 


45 


30 


3 


2 


80 


80 


60 


4 


2 




80 


80 


120 


4 


2 




80 


80 


180 


5 


2 


lm/arrti\#0 pyaiTtl^e 6A 

invcnuvis tAoiiipi^ 


100 


30 


30 


3 


2 




100 


30 


60 


5 


4 




100 


30 


120 


5 


5 




100 


30 


180 


5 


5 


Inventive Example 6B 


200 


50 


30 


5 


4 




200 


50 


60 


5 


5 




200 


50 


120 


5 


5 




200 


50 


180 


1 ' 


5 



25 



30 



35 



ing performance and deaning degree reaches the acceptanoetevel ^PJ^l^f '^^^ ^ ^ processing time 
pie 6A; while each of the ashing performance and dean.ng ^^^^'^^^^^^^^^ the mold 1ols not 

scope of the following claims. 



40 
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Clainfis 

1 . In a method of cleaning a vulcanizing mokJ comprising the steps of: 

mold resulting from repeated vulcanizing molding of elastomers: and 
ashing and removing the residue, 

Si^^^-to^e, ,«Mu. 1, *. «*« 

range of from 100 to 180*0. 



12 



EP0740 989A2 



A method of cleaning a vulcanizing mold according to claim 1 or 2, wherein said reactive gas comprises either a 
single oxygen gas or a mixed gas of an oxygen gas as a main component and a halogenated gas. 

In a method of cleaning a vulcanizing mold conrprising the steps of: 
positioning a vulcanizing mold in a vacuum processing bath; 

applying a plasma of a low pressure reactive gas to an elastomer residue formed on the inner surface of said 
mold resulting from repeated vulcanizing molding of elastomers; and 
ashing and renfioving the residue. 

the improvement comprising the steps of: 
providing a plasma generating furnace for supplying a plasma flow into said vacuum processing bath, and a 
miaowave generating apparatus for converting a reactive gas flowing in said plasma generating furnace into a 
plasma flow mainly containing neutral active species by a microwave discharge; 

introducing the plasma flow having mainly containing neutral active species which is generated in said plasma 
generating furnace, into said vacuum processing bath by way of a conduit tube; 

uniformly jetting the introduced plasma flow to the entire residue adhering peripheral surface of said vulcaniz- 
ing moid, and at the same time uniformly heating and keeping the entire residue adhering peripheral surface 
at a specified high temperature; and 

ashing the elastomer residue by the neutral active species contained in the jetted plasma flow. 

A method of cleaning a vulcanizing mold according to claim 4, wherein a heating source is provided on the residue 
adhering surface side of said vulcanizing mold; the temperature of the residue adhering surface heated due to a 
radiant heat supplied from said heating source is detected, and a quantity of the radiant heat supplied from said 
heating source is controlled on the basis of the detected temperature. 

A method of cleaning a vulcanizing mold according to claim 4 or 5. wherein said reactive gas comprises either a 
single oxygen gas or a mixed gas of an oxygen gas as a main component and a halogenated gas. 
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FIG.2 
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FIG.4 




FIG.5 
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FIG.7 
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